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False Head Wing Pattern of the Burmese Junglequeen Butterfly and the
Deception of Avian Predators
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Many OF THE GREAT vaARIETY of wing color patterns in burterflies are thoughe to have evolved because of
the selecrive pressure exerted by visually hunting predators, Wing coloration may indicate distascefulness,
mimic a dangerous creature, conceal the insect by marching it with its surroundings, or direct a predator’s
artack to those parts of the insect’s body not essencial for suivival.

The "false head™ hypochesis presumes that a certain pattern on the underside of the hindwing creates
the impression of a head ac the posterior of the bucterfly. As with camouflage and mimicry parterns,
many species are thought to possess a "false head,”” but confirmatory observations from natural ecosystems
and crirical experimencs are almost complerely lacking. The first speculations on che adaptive significance
of “false head” patterns date from 1818 (Kirby & Spence 1818), and the first evidence chat they work
to deceive predators was presented by Van Someren (1922). Laboratory experiments by Wourms and
Wasserman (1985), using artificially marked bucterflies (Pieris rapae), showed chat ““false head'" markings
on the wings affect borh the locarion and the success of bird attacks on bucrerflies. In the field, Robbins
(1981) tound a positive correlation between the frequency of symmerrical beak marks on che posterior
hindwing area of 125 species of Lycaenidae and the number of “false head’" components present there.
A more straightforward way of testing the ““false head™ hypothesis is to compare the frequency of beak
marks on difterent arens of the wings. This can be done only on larger bucterflies. Yer so far only smaller
species of Lycaenidae have been studied, preventing such an analysis (Robbins 1980, 1981). This paper
presents evidence char che “false head™” wing pattern is effective as an anripredaror defense, a conclusion
based on che distribution of wing damage in a species of large butterfly, Stichophrhalma louisa.

The Burmese junglequeen buctertly, Stichaphthalma lonisa Wood-Mason 1877 (Lepidopeera: Nym-
phalidae. Morphinae), was used as the test species. It is a montane species thac occurs in norchern Indo-
China, Stichophthalma lowisa has a wing span of 10-11.5 cm and a wing area of 50-66 cm’. Its
appearance is crypeic. resembling a dead leaf in color. Tts wings are rust-colored wich black markings on
the upper side. while the underside is greyish brown, sometimes wich a green tinge. The underside shows
a row of 11 evespots. All spors bur the hindmose are rusty and dark-rimmed, and have small white
pupils. The remaining eyespor. located on the slightly prominenc hind-tip of the hindwing, is black, Two
roughly parallel black lines poine to this spoc (Fig. 1), Voucher specimens are available ac che Insticuce
of Encomology (Ceské Buddjovice).

The wings of §. fenisa were divided ino 13 sections (Fig. 1), and the distribucion of wing damage
intliceed by birds among these sections was assessed. Only deep, narrow, wedge-shaped gaps in the wings
were considered to be wing damage caused by birds. Damage is of two types: asymmerical, acquired
probably in Hlighe, and symmertrical, which could have resulred from attacks on buceerflies resting wich
closed wings. No experiments were done to confirm that this damage is actributable o birds, buc according
to Robbins (1980, such an explanarion is the most probable for symmetrical gaps. which could hardly
be caused by wear and tear. The probability is very low chac these symmerrical gaps could arise from
darage separarely inflicred on exacrly corresponding areas of che left and right wings. as asymmetrical
damage was compuaratively rare,

The hypochesis tested was chae the general color pattern. and in particular the lines and darck spor
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FIGURE 1. Wing pactern of the upper side (left) and che underside (right) of Stickaphrbatma lowisa. Sections # 1-
13, referced to in Table 1, are demarcared by dors.

on the underside of the hindwings of S. /onisa, deflect a bird's actack from che insect's head. The pattern
of asymmerrical wing damage, inflicted when birds attack flying butterflies, is noc likely to be influenced
by the coloration of the wing underside. If birds do not respond to the supposed " false head" markings
displayed by resting bucterflies, the pattern of symmertrical and asymmetrical wing gaps should be similar.
Consequently, the racio of symmetcical and asymmetrical wing gaps would be independent of their
location,

A large remnanc of a montane monsoon forest (19,000 ha) in che Tam Dao Mouncains (Norch
Vietnam; 800-1000 m asl) was selected for the study. It is very rich in fora, without any conspicuously
dominanc species of twee. There was a tree layer with a dense continuous canopy, and epiphytes and
climbers were numerous. Bamboo thickers prevailed on ridge tops and disturbed sites. The shrub and
ground layers were fragmented.,

The rescarch was undercaken between 5 June and 7 July 1991, during the firse half of the rainy
season (the rainy season stares in June and ends in October). The study coincided with a period of high
bucterfly abundance, following a peak in emergence. The population of . fonisa was studied along a
eransect of 2 km demarcaced in che forest. The transect was checked two times a day and all burcerflies
seen along the transece were caprured. Each insect was marked by a label, had its wing damage recorded.
and was released. The wing damage of recaprured bucterflies, already bearing a label, was nor raken into
account, as the label could influence the potential location of bird accacks. In this way the sarnpling of
butrerflies from the populacion was probably random with respect to the location and the extent of the
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TABLE 1. Distribution of wing gaps on the wings of
Stichophrhalma louisa.

Wing gaps

Wing section Asymmerrical Symmetrical
Forewings

1 6 1

2 4 0

3 5 2

4 11 0

3 5 0

6 9 2
Hindwings

7 13 1

8 10 1

9 12 2
10 I >
11 14 8
12 L0 22
13 i 2 7
Quside FHA . 46 9
Inside FHA 26 37

Wing sections # | through #13 are demarcated in Figure
1. FHA = the “false head" area, i.e., wing sections #11-
13. Difference in the asymmetrical /symmetrical wing gap
ratio berween the FHA area and the rese of hind wing
area is signifcane (x? = 22,16, P < 0.001, df = 1). Al-
together 227 specimens were examined.

Stichophthalma louisa is confined to the forest, and ics population density there was estimarted as
approximately 13 individuals per hecrare. The forest edge represents a barrier which the buccerflies rarely
cross. Open sices wichin the forese habitac (such as glades), alchough small in size, were avoided by the
bucterflies as well. Likewise, bucterflies were rarely observed in very dense pacches of bamboo. On the
ocher hand, butterflies were more frequently observed flying in “'tunnels” in vegeration along broocks and
in gullies than in the surrounding dense foresc, Stichophthalma lowisa was never seen visiting flowers. The
only observed source of food for buccerflies was sap bleeding from injured trees of various species.
Stichophthalma louisa did not form large aggregations in any type of forest habirac. No hilltopping or
response o other landmarks was observed, nor any “'puddling behavior.” The bucterfly's activity did noc
reveal a consistent daily paccern. At nighe, the buccerflies roosted singly in the vegetacion. When flying,
a burterfly slowly glided in a zigzag course through the vegeration, like a falling leaf. Burrerflies closed
their wings when resting on vegetation. They frequencly landed on the ground as well as on tree crunks.

Of che 227 specimens checked, the wings of 149 were damaged only by wear and rear, or undamaged,
while 78 bore wing gaps, sometimes several, presumably inflicted by birds. The distribution of these gaps
is summarized in Table 1. Symmetrical wing gaps are obviously concentrated on the hindwing section
with the dark spor on the underside (#12). The difference in the asymmetrical /symmetrical wing-gap
ratio between the “'false head'" area (sections #11—13) and the resc of hindwing area is significanc (Ta-
ble 1).

We consider thac the pattern of wing gaps shown by . Jouisa supporcs the ““false head' hypothesis.
The importance of this antipredator mechanism is indicated in pare by the face chac actacks on almose all
of the 42 specimens bearing symmerrical wing gaps occurred in chis area. The observed patcern of wing
damage represents che distribution of unsuccessful bird accacks (Edmunds 1974). This pattern mighe arise
either from a higher frequency of bird accacks to the ““false head'* area than to ocher pares of the hindwing,
or from the lower success of actacks to this area. Laborarory experiments by Wourms and Wasserman
(1985) indicate that both possibilities may be valid. According o Vermeij (1982), it is unsuccessful
predation which may be imporeant in the evoludion of antipredacor adaptacions.
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In §. louisa, the “false head" pactern is uniquely combined wicth a cow of eyespors, which is also
found in many other species from the monophyletic group consisting of the Morphinae, Brassolinae, and
Satyrinae (Young 1979, Nijhouc 1991). They are assumed to contribute to che crypric appearance of a
burterfly, to discourage porential predators, or to misdirect attacks (Blest 1957, Stradling 1976; Young
1979, 1980; Wourms & VWasserman 1985). Eyespots, both those supposedly intimidating and those
deflective, may combine with cryptic background coloration in a complex defense system (Stradling 1976,
Brakefield & Larsen 1984).

Robbins (1981) idencified four “false head” components: contrasting coloracion ar the anal wing
angle, lines pointing to the anal spor, presence of tails, and the anal angle everted at right angles so that
the ““head’ seems three-dimensional. Our dara show that even the imperfect “'false head’ of 5. louisa,
i.e., one lacking rails and everted wing angles, was preferred by birds as a cargec for acracks to the row
of eyespors, though the lacer is very conspicuous to a human observer. The wing coloration of §. fowise
may represent a unique combination of three antipredacor mechanisms. It is crypric; if revealed, however,
it menaces the predator (by means of eyespors); and, if the insect is atracked, the markings direct the
attacker to a false targer (i.e., the “false head"). Alternarively, eyespors may contribute to the cryptic
appearance of a butterfly and not deflect predacors.

Vermeij (1982) disdnguishes chree phases of a predator—prey encounter: detection, pursuit (or escape),
and subjugation (or resistance). The crypric background coloration, behavior, and possibly also the eyespots
of 8. louisa may be imporranc during the detection phase. Eyespots may furchermore be discouraging,
which is important during the pursuic phase. Finally, the “'false head™ pattern may increase the likelihood
of escape, particularly during handling (Robbins 1980, Wourms & Wasserman 1985).

We are aware of the difficulcies of deducing mechanisms from observed paccerns: perhaps the.increased
frequency of symmetrical wing gaps in the supposed ““false head™" area could result from other factors,
¢.g., its hindmost position on the hindwing. Nevertheless, in the absence of hard evidence from manipulative
experiments, which are extremely difficult o execure in narural sicuations, our observations tend to support
the “'false head"' hyporthesis.

Quanticacive tests of the ecological funcrions of wing coloration are necessary. As indicated by I:hlS
study, even pacterns chac are relatively inconspicuous to the human eye may play a significant ecological
role. Consequently, che functions of wing color parterns in bucterflies may be more comphcated (and for
quite different) than our anthropocentric speculations suggest.

This work was supported by a granc from the ICBP and the FFPS, and by the Czechoslovak Atademy
of Sciences. We thank V. Hypéa for drawing the figure, and A. F. G. Dixon, J. Zrzavy, T. Steyskal and
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